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 Carbonaceous chondrites are one of the most primitive extraterrestrial materials and are the 
best sample to study the formation and early evolution of the early solar system. CV3 carbonaceous 
chondrites, one of the carbonaceous chondrite groups, escaped from intensive alteration but 
experienced low but variable degrees of secondary alteration, which suggests that their parent 
asteroids formed in heterogeneous environments in regions of protoplanetary disk with different 
water/rock ratios such as “snow line”. It is very important to understand the physicochemical 
conditions of snow line region because it is a boundary of the H2O state (vapor or solid), and H2O 
mostly determined the oxidation state of the early solar nebula. 
 CV3 carbonaceous chondrites are classified into three subtypes: oxidized Allende-like 
(CV3oxA), oxidized Bali-like (CV3oxB), and reduced (CV3red). These subtypes represent the 
differences of the degrees of aqueous alteration and thermal metamorphism. CV3red chondrites are 
the most primitive meteorites in the CV3 carbonaceous chondrites, because it has undergone the 
least degrees of aqueous alteration and thermal metamorphism. For this reason, in order to 
understand the primitive dust characteristics and nebula conditions in protoplanetary disk in the 
CV-chondrite forming regions, I have carried out a detailed investigation of mineralogy, petrology, 
chemical and isotopic compositions of the pristine CV3red carbonaceous chondrite RBT 04143. 
 Based on detailed mineralogical and petrological observations of RBT 04143, there is 
almost no evidence of intensive secondary alteration on their parent asteroid. RBT 04143 consists 
of clasts of variable sizes and lithologies indicating prevailing brecciation on their parent asteroid. 
The oxygen isotopic ratios of multiple silicate phases in chondrules show identical compositions 
within analytical uncertainties, suggesting undetectable isotope fractionation between silicates in 
chondrules. Though there are some exception, the average Δ17O values of individual chondrules 
show bimodal distribution, which is negatively correlated with the average Mg# of chondrules like 
other carbonaceous chondrite chondrules; Δ17O ~−5.9‰ for chondrules with Mg# of 99 and Δ17O 
~−2.4‰ for chondrules with Mg# of 86. It indicates that there are two types of oxygen isotope 
reservoirs with different redox states for chondrules in RBT 04143. The higher Δ17O values of type 
II chondrules are accounted for by an addition of water ice with high Δ17O as an oxidant. Inferred 
initial 26Al/27Al ratios of some chondrules in RBT 04143 are indistinguishable within analytical 
uncertainty and consistent with those of other primitive carbonaceous chondrites (e.g., Acfer 094). 
The results of 26Al−26Mg systematics in conjunction with the oxygen isotope data suggest 
contemporaneous formation of carbonaceous chondrite chondrules from regionally heterogeneous 
oxygen isotope reservoirs, which may have been located in the vicinity of the snow line 
Besides unaltered chondrules with resolvable 26Mg excess and homogeneous Mg#, there are some 
chondrules in RBT 04143 that experienced secondary thermal processing in the parent asteroid. The 
altered chondrules have no/small resolvable radiogenic 26Mg*, show no resolvable silica-excess in 
plagioclase, and contain olivine with the Mg# slightly lower than those of low-Ca pyroxene within 
the same chondrule. Thus, there are two types of textural units (altered and unaltered) in RBT 
04143, which were mixed by the impact-induced gardening on the parent asteroid. In order to 
investigate the early evolution of RBT 04143 parent asteroid, the cooling rate during thermal 
metamorphism is estimated based on the observed and the calculated Fe−Mg diffusion profiles of 
olivine in an altered chondrule. The obtained cooling rate (10 [°C/Myr]) can be converted as a depth 
of approximately 14 km using a thermal model of the RBT 04143 parent asteroid that formed with 
30 km in radius at 2.7 Myr after CAI formation. I infer that RBT 04143 formed by brecciation 
process that mixed up the unaltered surface material with the thermally-altered material located at 
deeper layer in the parent asteroid. 
 
